To determine the risk of ipsilateral breast events in patients with ductal carcinoma in situ (DCIS) treated with local excision without irradiation.
INTRODUCTION
Breast-conserving therapy has become the most common treatment for patients with ductal carcinoma in situ (DCIS) in the United States. 1 Four randomized trials have shown that irradiation substantially reduces the risk of recurrence after local excision.
2-8 Although mastectomy reduces the risk of local failure to 1% or less at 5 years, the lesser morbidity of breast-conserving therapy has been considered to justify a local failure rate of approximately 5% to 10% at 5 years with irradiation or 8% in patients with receptor-positive disease given tamoxifen in addition to breast irradiation. Retrospective studies have suggested that comparable rates may be achieved for patients with small lesions that have been widely excised, especially those with low-or intermediate-grade histologies, without the addition of breast irradiation. 9, 10 Many physicians are interested in omitting radiation treatment for some patients with DCIS, as long as the results are acceptable.
We felt that treatment with local excision alone should be studied prospectively in a large, multiinstitutional, national study. We hypothesized that a combination of size of lesion, grade, and surgical margin width might define a subset of patients at low risk for local failure without irradiation.
Central Cancer Treatment Group on behalf of the Breast Cancer Intergroup of North America. The protocol was approved by the institutional review boards of the participating centers. All participants gave written informed consent. Its objectives were as follows: (1) to evaluate 5-and 10-year actuarial ipsilateral breast event (IBE) rates after local excision alone for selected patients with DCIS; (2) to evaluate concordance between institutional pathologists and central review pathologists with respect to diagnosis and grading of DCIS; (3) to identify parameters that indicate increased or decreased risk of recurrence in the absence of irradiation; (4) to assess how patients with IBEs were treated at relapse, particularly the use of further breast-conserving therapy; and (5) to evaluate 5-and 10-year actuarial relapse-free, overall, and cause-specific survival. This article will report 5-year results for IBE, relapse-free, and overall survival and the influence of clinical, pathologic, and treatment factors on the risk of IBE.
An IBE was defined as the occurrence of invasive cancer of any histology or DCIS (but not lobular carcinoma in situ) in the treated breast. Sufficient information was not always available to determine the exact location of the second lesion relative to the index lesion. Hence we prefer to use the term IBE rather than local recurrence to avoid the implication that such events necessarily represent a relapse of the initial DCIS resulting from residual disease after surgery, rather than the development of a second primary cancer.
Eligibility
The trial included two cohorts of patients with nonpalpable DCIS 3 mm or larger considered suitable for breast-conserving therapy who had undergone excision with microscopic margin widths of 3 mm or greater. The first cohort included patients with low or intermediate histologic grade DCIS 2.5 cm or smaller; the second consisted of patients with high histologic grade DCIS 1 cm or smaller. The upper size limit of 2.5 cm for patients with low-and intermediate-grade DCIS was based on the work of Lagios et al. 11 The minimum margin width for all patients and the 1 cm upper size limit for patients with high-grade DCIS was based on a consensus of what our surgical and radiation oncology committee members felt they could accept to consider a patient for observation without irradiation after excision. Low/intermediate grade was defined by the presence of nuclear grade 1 or 2 with limited or no foci of necrosis. High grade was defined by the presence of nuclear grade 3 atypia and comedo-type necrosis that was zonal (ie, present in contiguous ductal spaces). 12 Lesion size was defined as the largest histologic dimension, including any discontinuous areas. Mammographic estimate of size was allowed where pathologic measurement was impossible (ie, in cases where no residual DCIS was found on excision after initial core biopsy). Postoperative mammograms were required for patients who presented with suspicious microcalcifications; patients with residual suspicious calcifications were ineligible. Patients with clinical evidence of Paget's disease were excluded. Patients could be enrolled up to 6 months after the last definitive breast surgery. Other eligibility criteria included female sex, age 18 years or older, no known HIV infection, and no prior history of invasive or noninvasive breast cancer. Patients with a history of nonmelanoma skin cancer, carcinoma in situ of the cervix, or other invasive malignancies (if they had been cancer-free for at least 10 years) were eligible.
The surgical specimens were to be sequentially sectioned and completely embedded at the treating institution to accurately determine size, grade, and margins. Receptor status of DCIS was not measured routinely during this period. Patients were determined to be eligible and stratified based on the treating institution's pathologic assessment of histologic grade. A complete set of slides documenting these parameters was required to be sent for central pathology review at Vanderbilt University by the pathology study chair (D.P.). Biopsy material obtained from patients who experienced local failure was also to be sent for central review.
Central pathology review was performed for 97% of patients (690 of 711) enrolled in the study. Among the 671 patients found eligible after administrative review (see Results), pathology on 654 cases (97.5%) has been centrally reviewed. Of these, 71 cases (10.9%) were considered unacceptable. Analysis of the population characteristics and outcome showed that excluding these 71 patients did not substantially change the results. Hence the results given in the remainder of this article are for the 671 patients eligible before central pathology review, which may present a more realistic picture of this treatment approach in ordinary clinical practice.
Treatment and Follow-Up
All patients were treated with local excision, with a minimum tumor-free margin width of 3 mm achieved by the last (definitive) surgery or the absence of tumor on excision after diagnostic core biopsy or on re-excision. Radiation therapy was not allowed. In 2000 the study was amended to allow adjuvant tamoxifen as a result of the publication of results of the National Surgical Adjuvant Breast and Bowel Project trial B-24.
13 Thereafter, the intention to use tamoxifen or not was recorded at patient registration.
Patients were seen every 6 months for an interval history and physical examination, with annual mammograms. In the event of IBE or disease progression elsewhere, treatment was given at the discretion of the treating physicians.
Statistical Methods
Data collection and analysis were performed by the ECOG Coordinating Center. The primary end point was IBE, as defined above. An overall 5-year IBE rate of 10% and an invasive 5-year failure rate of 5% in each stratum were considered acceptable, but higher failure rates were not. The 95% CI on an observed 5-year IBE rate of 10% for 500 eligible and assessable patients per stratum who were all observed for at least 5 years was projected to be 7.5% to 13%. Allowing for up to 15% of the patients to be cancelled, ineligible, or to have problems on central pathology review, the overall accrual goal was therefore set at 588 patients per stratum (1,176 total). After the protocol was amended in 2000, it was assumed that approximately 50% of patients would receive tamoxifen and that tamoxifen would reduce the hazard rates for IBE (both invasive and in situ) by approximately 40%. Thus assuming an IBE rate of 8%, the 95% CI was projected to be 5.8% to 10.7%. The study design also included an early stopping rule based on assuming a constant hazard rate during the early follow-up period to be used to estimate whether the likely 5-year failure rate would exceed that considered to be acceptable. The stopping rule boundaries were not reached at the planned evaluation.
The analyses presented herein include all eligible patients, using institutional data from the patients' home institutions regarding lesion size, grade, and margin width, unless otherwise stated. For each patient, the failure time data were collected at all recurrences or new primary breast cancers including but not after first distant recurrence. Time to IBE was defined as time from last definitive surgery before study entry to first occurrence of IBE; patients without IBE were censored at date last known to be IBE free. Time to contralateral breast events was defined similarly. Event-time distributions were estimated using Kaplan-Meier analysis, 14 with the SE estimated using Greenwood's formula. 15 Cox proportional hazards methods were used to estimate hazards ratios and test for significance for event times. 16 The proportional hazard assumption was tested using the method of Grambsch and Therneau. 17 All P values are two-sided, and CIs are given at the 95% level.
RESULTS

Administrative Data
The study was activated in April 1997 and terminated in October 2002, when the accrual goal was reached for the low/intermediate stratum, with 606 entered patients. At that time, 105 patients with high-grade DCIS had been entered, and the decision was made to stop accrual to the high-grade arm because the accrual of 588 planned patients to that arm could not be completed in a reasonable time frame. Therefore, the final accrual was 711 total patients (575 from ECOG and 136 from North Central Cancer Treatment Group; see Appendix Table A1 , online only).
Forty cases (5.6%) were determined to be ineligible after central review of the submitted documentation. Reasons included postexcision mammogram not done or questionable (12 patients), questionable tumor size (10 patients), margins less than 3 mm (eight patients), positive postexcision mammogram (three patients), documents not available for assessment (three patients), microinvasion or invasive cancer (two patients), radiation after excision (one patient), and pathology sampling incomplete (one patient). One additional patient was excluded from analysis secondary to unknown grade. The CONSORT diagram is shown in Figure 1 . Table 1 lists patient demographics, disease characteristics, and treatment variables. For the low/intermediate patient group, the median patient age was 60 years (range, 28 to 88 years), and the median lesion size was 6 mm (range, 1 to 25 mm), with 76.5% less than 10 mm. Margins were 5 mm or wider in 69.2% of patients and more than 10 mm wide or no tumor found on re-excision in 48.5% of patients. For patients with high-grade disease, the median patient age was 59 years (range, 33 to 87 years), and the median lesion size was 5 mm (range, 2 to 10 mm), with 87.6% less than 10 mm. Margins were 5 mm or wider in 82.9% of patients, and 10 mm or wider or no tumor on re-excision in 53.3% of patients. Fifty-five percent of patients in both the low/ intermediate and high-grade patient groups entering after the 2000 addendum allowing adjuvant tamoxifen indicated their intention to take 5 years of tamoxifen, resulting in a total of 31.3% and 28.6%, respectively, of patients with low/intermediate and high-grade DCIS intending to take adjuvant tamoxifen.
Patient, Tumor, and Treatment Characteristics
IBEs
The median follow-up time was 6.3 years for all patients (6.2 and 6.7 years for the low/intermediate-grade and high-grade strata, respectively). In the low/intermediate-grade stratum, there were 49 IBEs. Fifty-three percent were invasive (with or without DCIS), and 46.9% were DCIS only. The 5-year IBE rate was 6.1% (95% CI, 4.1% to 8.2%), and the 7-year rate was 10.5% (95% CI, 7.5% to 13.6%; Fig 2) . There were 23 new primary contralateral breast cancers, 65.2% of which were invasive and 34.8% DCIS only, for a 5-year rate of 3.7% (95% CI, 2.0% to 5.3%) and a 7-year rate of 4.8% (95% CI, 2.7% to 6.9%). In the high-grade stratum, there were 17 IBEs, 35.3% of which were invasive and 64.7% DCIS only. The 5-year IBE rate was 15.3% (95% CI, 8.2% to 22.5%), and the 7-year rate was 18.0% (95% CI, 10.2% to 25.9%; Fig 3) . There were six contralateral breast events (all invasive), for a 5-year rate of 3.9% (95% CI, 0.15% to 7.7%) and a 7-year rate of 7.4% (95% CI, 1.4% to 13.3%). Age at study entry used for nine cases whose date of last surgery was unavailable.
†Patients younger than 50 years were assumed to be premenopausal when menopausal status was not recorded.
‡Includes one patient with tumor smaller than 10 mm, not otherwise described. §Tumor measured as exactly 10 mm for high-grade stratum.
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The 5-year rates of IBE in relation to individual patient, tumor, and treatment characteristics are listed in Table 2 . In a Cox proportional hazards model with grade as the only covariate, grade (low/ intermediate v high) was significantly related to the risk of IBE (P ϭ .024), with a hazard ratio of 0.53 (95% CI, 0.31 to 0.92) in favor of low/intermediate grade. Separate models were therefore created to examine the impact of other factors on the risk of IBE for each stratum. For each stratum, the variables included were institutional lesion size (Ͻ 10 mm v Ն 10 mm), institutional margin (Ͻ 10 mm v Ն 10 mm), age at last surgery as a continuous variable, intent to use tamoxifen or not, and tamoxifen use or not before study entry. The only significant variable in either model was age in the high-grade stratum, with a hazard ratio of 0.95 (95% CI, 0.91 to 0.99; P ϭ .016), which reflects the effect of a 1-year increase in age.
Treatment of Recurrence and Other End Points
Of the 49 patients in the low/intermediate-grade stratum with IBE, 21 patients were treated with salvage breast-conserving therapy and 24 patients were treated with mastectomy; four patients were treated with systemic therapy only after biopsy. Seven of the 49 patients in the low/intermediate-grade stratum received chemotherapy. Of the 17 patients in the high-grade stratum with IBE, four patients were treated with salvage breast-conserving therapy and 13 patients were treated with mastectomy. Five of the 17 patients in the high-grade group received chemotherapy.
In the low/intermediate group, there were three patients with ipsilateral nodal failure and one patient with simultaneous nodal failure and distant metastases. In the high-grade group, one patient developed an ipsilateral nodal failure and one developed distant metastases. The respective 5-year disease-free survival rates in the two strata were 85.6% (95% CI, 82.6% to 88.6%) and 77.7% (95% CI, 69.4% to 85.9%).
Forty-one of 565 patients in the low/intermediate-grade group and five of 105 patients in the high-grade group have died. The respective 5-year survival rates were 95.7% (95% CI, 94.0% to 97.4%) and 97.0% (95% CI, 93.6% to 100%). So far, no death has been due to breast cancer.
DISCUSSION
Four randomized trials have demonstrated that irradiation reduces the risk of IBEs after excision of DCIS from approximately 15% to 20% at 5 years and 25% to 30% at 10 years to approximately 5% to 9% and 15%, respectively, for relatively unselected patients. However, none of these trials have shown a difference in the rates of distant metastases, breast cancer-specific survival, or overall survival between irradiated and unirradiated patients.
2-8 This is in contrast to the situation for invasive cancer, where the use of radiotherapy significantly improves these outcomes. 18 Hence the potential side effects of radiation therapy, although small, 19 must be weighed more carefully in making treatment decisions for patients with DCIS.
Several investigators have reported rates of local recurrence of 5% to 15% at 5 to 10 years in retrospective studies of selected patients treated with local excision alone with very wide margins. 9, 10, [20] [21] [22] However, our study is the first large, multi-institutional prospective trial showing that rigorous mammographic and pathologic evaluation and selection criteria can yield comparable results. It should be noted that the patients entered onto this trial had a more favorable median lesion size and width of margins than the entry criteria required.
We whereas the rate of 15% at 5 years for the high-grade group would not be, especially because we expect higher rates at 10 years. These findings are similar to those of a prospective trial of local excision alone at the Harvard-affiliated medical institutions. 23 With a median follow-up of 43 months in that study, the crude local failure rate was 6% (nine of 146 patients) for those with highest nuclear grade 1 or 2 present, compared with 40% (four of 10) for those with any nuclear grade 3 component.
The increase in IBE rates beyond 5 years (Figs 2 and 3) warrants caution regarding the clinical implications of our results. This increase and the shapes of the curves are similar to the findings in a study of 268 patients treated with lumpectomy and radiation. 24 Patients with highrisk histology (presence of nuclear grade 3 plus comedo-type necrosis) in that study had a 5-year failure rate of 12%, compared with 3% for patients with lower-risk DCIS; however, at 10 years the respective rates were 18% and 15% Thus, substantially longer observation is warranted to determine whether omission of radiation treatment is appropriate for some patients with DCIS.
Radiation Therapy Oncology Group trial 98-04 randomly allocated patients with DCIS to receive radiation therapy or not after excision, using the same selection criteria as in our protocol. The trial closed in 2006, accruing 636 patients. The results will be important in showing how much irradiation will reduce the local failure rate for such highly selected patients and the long-term clinical significance of such therapy.
Overall survival has been excellent to date in our trial, with no patient dying of breast cancer so far, but further follow-up is required to validate the long-term safety of this approach. Future goals include analyzing the results of central pathology review and assessing IBE risk in relation to biologic markers using patients' banked tissue blocks.
In conclusion, rigorously evaluated and selected patients with low-to intermediate-grade DCIS with margins 3 mm or wider had an acceptably low rate of ipsilateral breast events at 5 years after excision without irradiation. Patients with high-grade lesions had a much higher rate of ipsilateral breast events, suggesting that excision alone is inadequate treatment. Further follow-up is necessary to document long-term results and optimize patient selection for this approach.
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